NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

TECHNICAL NOTE
No, 1307

JUN 5 1447

EFFECT OF AERODYNAMIC REFINEMENT ON THE AERODYNAMIC
CHARACTERISTICS OF A FLYING-BOAT HULL
By John M. Riebe and Rodger L. Naeseth

Langley Memorial Aeronautical Laboratory
Langley Field, Va.

| " Washington
June 1047

.‘l ~ .. .:‘-u'xi.'_'-.:"- s
LUATILEY MELORAL AL (TTR
Lius RATCRY
‘La'ug.c\v ‘S‘Te&d_,_ Ve —



nical

T .

Tt

8157 ..

\

NATICNAL ADVISORY COMMITTEE FOR AERONAUTICS

1. N
S—
o]

| OEEES

i P
)
o

1
1

WACA TN NO. 1307

ZFFICT OF AFRODYNAMIC REFINEMENT ON THE AERCDYNAMIC
CHARACTERISTICS OF A FLYING-BOAT HULL

By John M. Riebe and Rodger L. Rasseth
SBARY

An investigation was made to determine the reduction in drag
that could be obtalned for a conventional-type flying-boat hull by
means of asrodynemic rcfinements. For comparisons, tests were '
made on & streamline body simulating the fuselage of a modexrn
transport airplane.

The \mal'bered. hull, of length-bsam retlo 9, had a minimum drag
coefficient of 0.007k including the interference of the suppori
wing. Fairing the step for a distance equal to nine times the
depth of step at the keel or fairing ount the step completely
resulted in approximetely the same reduction in minimm drag
coefflicient, about 11 percent. PRoundling the chines at the bow
for a distance T percent of the hull length resulbed in approxi~
mately a S5-percent reduction in minimum drag coefficlent when no
other alteration was made on the model. Simulteneously falring
out the step completely and rounding the bow chines reduced the
ninimm drag coefficient 14 percent. 'Faliring the hull completely
resulted in a 26-percent reduction in minimm drag coefficient,
which was the probable limit without greatly altering the hull
contours. The landplane fuselages had a minimum drag coefficlent
of 0.0040, which is about 46 percent less then that for the
una.l‘bered hwll end about 27 percent less than that for the com-
pletely faired hull. The hull angle-of-attack range for minimum
drag was 1ittle affectod by aerocdynamic rofinement and generally
vas between sngles of attack of 2° and 3°. The longitudinal
stebility and the directional stability for the hull with faired

steps and chines were generslly about the seme as for the orliginal
hull,

INTRODUCTION

Because of the requirements for increased range and speed
in Plying vosts, an investigation of the serodynamic characteristics
of flying-boat hulls as affected by hull dimensions and hull shape
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is being conducted at the Langley Memorial Aercnautical Laboratory.
The results of itwo phases of this investigation, nresented in
references 1 and 2, have Indicated poesible ways of reducing hull
drag without causing large changes 1n asiodynamic stability and
hydirodyneamlic performence.

The present investigetlion was made to determine the drag
reduvction that could be obtainoed on the conventional-tyve hull
of a hypothetical flying boat through aerodynamic refinement
and to determine the limit of such reduvcticns without greatly
altering the general hull contours. The refinements were mzde to
e hull of length-beam ratic 9 (Lansley tank model 203 of refer-
ence 1) by fairinz the sten for a dlstance equal to nine times
the depth of step at ‘the keel;, fairing out the step completely;
rounding the chines at the bow for a dlstsnce of abocut 7 percent
of the hull length; and faivring out the chines, chine flares,
and step completely by rounding the hull bottom. Without devices
such as retractable steps and chines, the more sovere alierations
would probebly be prohibitive because of reduced hydrodynamic
perfecrmance. The use of such retracting mechanismeg, hcwever, is
believed to be justified for aerodynamic refinements that show
much promise. Tests wers alsc mede on the fuselage of a modern
high-speed landplene, evpproximately ecuivelent in silze and gross
welght to the hypothetical flying boat, for the purpose of
comparing the drag and stability of the hulls.

COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA
coefficlents of forces and moments. Rolling-moment, yawlng-
moment, and pitching-moment coefficients are given about the
locations shown in figures 1 end 2. The wing ares, mean
aerodynemic chord, and span of a hypothetical flying boat derived
from the XPBB-1 flying bvoat (fig. 3) are used in determining the
coefficlents and Reynolds number for both the hull and fuselege
tests. The data are referred to the stability axes, which are
a systsm of axes having their origin at the center of mcments
shown in figures 1 and 2 in which the Z-axis is in the plane of
symmetry and perpendicular to the reletive wind, the X-axis is
in the plane of symmetry and perpendicular to the Z-axis, end
the Y-axis is perpendicular to the plane of symmetry. The
positive directions of the stability axes eare shcwn 1n figure 4,
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' yaving-moment coefficient

The coefficients and symbols are dsfined ss follows:

1ift coefficient (I'if’“>

drag coefficient <%'§%

lateral-force cosfficlent (%)

rolling-moment coefficient <—-£‘-5
ac /

pltching-moment coefficient (&%‘5‘

_EN
asb /

-Z

= -X vhen y = O

force along X-axis; pounds

force along Y-axis, -poqnds

force along Z-axis, pounde

rolling m'oment, foot-pounde

pltching moment, foot-pounds

Yawing moment, foot-pounds

free-stream dynemic pressure, pounds per squa.re foot <pv2>

wing area of f---sca.le model of hypothetical flying boat;
18.264 square feet, figure 3 .

1
wing mean aerodynamic chord (M.A.C.) of ﬁ-scale model of
kypothetical flying boat; 1.377 Teet, figure 3

wing span of I'--"5--:s;c;ale model of hypothetical flying boat;
13.97 feet, figure 3

alr veloclity, feet per second
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o} mess density of ailr, slugs per cublc foot
v angle of yaw, degrees

o) engle ¢f attack of hull base line or fuselage center
line, degrees

R Reynolds mmber bascd on M.A.C. of f%—scale model of

hypothetical flying boat
rate of change of plitching-moment ccefficient with angle

of attack SET
P4

c rate of change cf yawing-moment coefficlent with angle of

By /3,

yaw | —=
\ov
CY rate of change of lateral-force coefficlent with angle of
¥ SCy
yaw ( —=
oV

MOTET, AND APPARATUS

Langley tank model 203 was designed by the Langley Hydro-
dynemics Division and 1g the samo hnll that was used in the
investigation of reference 1; dimenslons of the model are pre-
sented Iin figure 1 and offsets, in table I.

The various modificaticns to the hull, as shown in figure 5,
were made by the uss of interchangesble blocks. A gketch of the
step fairing which extended for a distancs equal to nine times
the depth of step at the keel is given in figure 6; the fairing
wag gimilar to that in reference 1. The completely faired step
was constructed by extending the croes-section outline of the
forevody bottom at the step of hull 203 to the stermpost with
the keel following an arbitrarily faired curve from step to
sternposty offsets for the complete step fairing esre presented
in table IT. The cfifeets for the hull bow, the chines of which
wore feired arbiltrarily for a distance 7 percent of the huil
length which is believed to be hydrodynemically satisfactory are
presented in table ITI. The completely falred hull (table Iv)
was constructed by making the part of the forebody below a plane
half way from the hull base line to the meximum hvll height
identical to the pert above it; the afberbody hottom wae falred
from the step to the sternmpost by semicircles tangent to the hull
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gfdes and coincident with the keel locetion of the hull with the
complete step falring.

The streamline body was & -]—_%-scale model of the fuselage of

a8 typlcel high-~spesd landplene., Dimenslons of the fuselage sre
given 1n figure 2 and table V.

The fuselage, hull, and inbterchangsable blocks wers of wood
and were finished with plgmented varnish. The models were atitached
to a support wing which was mounted horizontally in the tunnel as
ghown. in figure 7; the support wing was not a scale model of ‘ths
hypothetical wing (fig. 3). The wing location was similar for
the models with regerd to the amount of wing projection sbove
the body. The wing was set at an incidence of 4° on both models
end had a 20.36-inch chord end maximum thickness of 18 percent
wing chord. Wing ordinates are given in table VI.

The volumss, surface areas, and maximum cross-sectional areas
of the hull with the various serodynamic refinements and of the
streamline fueelage are glven In table VII.

TESTS

Test Conditions

The tests were made in the Langley 300 MPH T7- by 10-foot tunnel
at dynamic pressures ranging from 25 to 173 pounds por sqguare foot,
which correspond to airspeeds ranging from 102 to 275 miles per
hour. Reynolds numbers, based on the wing mean aerodynamic chord 6
of the hypotheticel flying boat, ranged from 1.22 X 107 to 3.05 x 10~
Corresponding Mach numbers ranged from 0.1l3 to 0.35.

Corrections

Blocking corrections have been applied to the data. Ths
hull drag has been corrected for horizontel-buoyancy effects
caused by a tunnel static-pressure gradient. Angles of attack .
have been corrected for gtructural deflectlions caused by
asrodynamic forces.

Test Procedure

The aerodynamlc characterlstics of the hull and fuselage
with the Interference of the support wing wore determined by
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testing the wing alone and the wing and hull or wing and fuselage
combination wmder llke conditions. The hull or fuselage sero-~
dynemlc coefilcients were then determined by subtraction of
wing-alone coefficlents from the coelffliclents of the complete
configuration.

In order to minimize possible errors resulting from translition
shift on the wing, the wing transition was fixed at the leading
edge Tor all tests by means of roughness strips of approximately
0.008-inch-diameter carborundum particles. The particles wers
applied. for a length of 8 percent wing chord measured along the
alrfoll contour from the leadling edge on both upper and lower
surfaces,

The hulls and fuselage wére teétedlwith transition fixed.
& transition strip l irch wilde wae located spproximately 5 percent

of the hull length aft of the bow. Carborundum particles of
approximately 0.008-inch diameter vere used for this strip also.

In order to correlate the data with previous investigations,
for one of the tests the mmaltered hull 203 was attached to the
support wing of reference 1 which was of NACA L4321 section with
a 20-inch chord.

RESULTS AND DISCUSSION

The veristion of hull and fuselage aserodynamlc charecter-
istics with angle of attack is presented in figure 8; the
variation of hull and fuselage aserodynsmic characteristice
with angle of yaw 1s glven in figure 9. Within the range tested,
Reynolds number had little or no effect on the érag and longltudinal
stabllity for the Tuselage and the various hull configurations
(f1ig. 8). For convenience, the minimum drag coefflcients CDpin
for a Reynolds number of about 2.4 x lC6, the percentage drag
reduction resulting from the various aerodynamic refinements, and
the longltudinel-stabllity and lateral-stebility perameters for
the various configurstions are presented in table VIII.

The data of figure 8 indicate that for a Reynolds number of
about 2.4 x 106 the unaltered hull, Langley tank model 203, hed a
minimm drag coefficient of 0.007T4, with the interference of the
present support-wing setup. '

Falring the step for a distance of nine times the depth of
sten at the keel, as shown in figure 5, reduced the hull minimum
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drag coefficlent gbout 11 percent. This reduction agreces with
predlctions based on the results of reference 1. Falring out the
step completely resulted In little or no further reduction in drag
coefficient in the positive angle-of-attack renge but did result in
some reduction at negative angles of attack; the reduction became
greater as the angles became more negative. A British investigation
by Clark end Cameron of a similar configuration showed a similar
result - little or no decrease in drag when the step fairing extended
to the sternpost.

Rounding the chines at the bow of the hull resulted in a
reduction in minimum drag cosfficient of sbout 5 percent when no
other alteration was made on the model. When the complete step
falring was added to the hull with the nose falred, the reduction

in minimum drag cosfficient was 1L percent, 2 percent more then
for the completely faired step configuration with no nose feiring.
These date indicate that the effecta of refinements are somewhat
dependent on the initial clesnness of the hull. Known individual
drag reductions caused by falring parts of a flying-boat hull
cannot be simply added to determine the drag coefficlent of a
hull incorporating the various refinements; if such a procedure
were follewed the estimated drag might be lower than the actual
value .

Completely fairing the hull bottom to the stermpost resulted
in a minimm drag coefficient of 0.0055, which indicates that the
meximum reduction in drag coefflicient that can te obtained on a
conventlonal-type. flying-boat hull by means of aercdynsamic
refinement without greatly altering the hull contours is about
26 percent.

The angle-of-~attack range for minimum drag was little
affected by aerodynamic refinement and occurred at angles of
attack between 2° and 3° s with the exception of the angls-of .
attack range for the completely falred hull configuration which
occurred at angles of attack between 3° and 5°.

The streamline fuselage of the landplene approximately
equivalent in size and gross weight to the hypothetlcsal flying
boat hed e minimum drag coefficlent of 0.0040 based on the same
hypothetical wing area, which was about 46 percent less than
the minimum drag coefficient for the unaltered hull. This value
was about 27 percent less than that for the completely faired
hull, which indicates the necessity of drastically changing the
hull contours to obteln drag values approsching that of streamline
bodies. At angles of attack greater than 6° the streamline
fuselage had a drag coefficient larger -than that for the com-
pletely faired hull, which probebly resulted from the greater beanm
of the streamline body.
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Tosts made on the unaltercd hull with the support wing of
reference 1 which was 21 porcent cherd thick and with the support
wing of the present investigation which is 18 percent chord thick
are compared in figure 10. The hull minimum drag coefficient with
the interforence of the support wing having e thickness of
21 percent chord, 0.0066, agrees closely with other tests of the
seme configuration glven in reference l. The increase in hull
drag coefficlent for the present support-wing setup can be
attributed to an increase in wing intesrference.

Longltudinal stebllity end directlonal stability generally varied
little with eserodynamic refinement; the values of Cma and an

{table VIIT) were about 0.0052 and 0.0012 2, respectively. The
completely faired hull was slightly less unstsble than the
unaltered hull by an amount corresponding to a center-of-gravity

shift of about % percent M.A.C. on a flylng bort. The directional

stablility for the streamline fuselage was more than for the hulls;

o] was gbout 0.000kL,
Iy

CONCLUSTONS

The results of tests in the Langley 300 MPH 7- by 1l0-foot tunnel
to determine the reduction in drag that couwld be made on the
conventional-type hull of s hypothotical flying boat by means of
asrodynamic refinements, to determine the limit of such reductions
without drastically altering the hull contours, and to compare the
results with tests of a fuselage of & landplane approximately
equivelent in size and gross weight to the hypothetical flying
boat Indicate the following conclusions:

1. The unaltered hull had a miniwmwm drag coefficiont of
0.007hk at a Reynolds number of ebout 2.k X 100 with the inter-
ference of the present support wing. Fairing the step for a
distance equal to6 nine times the depth of steop at the kesl or
falring out the step completely resulted in about the same
reduction in minimum drag coefficient, about 1l percent.

2. Rounding the chines at the bow for a distance of 7 percent
of the hull length resulted in a 5-psrcent reduction in minimm
drag coefficlent when no other alteration was made on the model.

3. Fairing out the step completely and rounding the bow
chines reduced the minimum drag coefficient 1L percent, a reduction
about 2 percent larger than the reduction for the completely
felred step configuretion with no bow falring.
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k. Fairing the hull completely resulted in a reduction in
minimum drag coefficient of 26 percont, the probable limit of
drag reduction on a conventionzl-~-type hull wlthout greatly
altering ths hull contours.

5. The landplane fuselage had a minlmm drag coefficient
of 0.0040 which was 46 percent less than that for the umaltered
Plying-boat hull end cbout 27 percent less than that for the
completely faired hull, :

6. Fnovm individual drag reducticns caused by fairing parts
of & flying-boat hull carnot be simply added to determine the
drag coefficient of a hull incorporating seversl different
refinements,

7. The angle-of-attack range for minimum drag was 1ittle
affected by aserodynamic refinement and occurred between angles of
attack of 2° and 3°, vith the exception of the anglo-of-attack
rangeofor the completely faired hull which occurred between 3°
end. 5%,

8. Iongitudinal stebility and Airectional stebility for the
hulls wlth refinements were generally about the same as for the
wmsgltered hull,

Langley Memoriel Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va., March 7, 1947
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TABLE T

OFFSETS FOR LANGLEY TANK MOIFL 203 (%-9)

E:L'L dimensione are in inches]

11

Height Angle| Forebody bottom, helghts above base lins
Distance|Keel [Chine|Ealr [F2ius | o " [Line of 0 -
Sta- to ebove |above| beem | . 30 hu1y |centers| .. . Buttocks
tion| p.p. |Dbase [bese | at [ ‘% at gzz? flarel T 1 o T y —
line |line {chine bemmm c;:;xr 11z (deg) 3 1 542 5 |3 | ¥ b;
F.P. 0 10.30{10.30{0 [+] 11.00 | 11.00
% 2.13 | 5.49( 8.30{2.30 | 2.30 |ih.29 | 11.98 [ 10 }6.48|7.k9[8.1%|8.32]"
1 b.2s | 3.76f 6.71]3.06 | 3.06 [15.72 | 12.66 |10 |k.52]%.3016.09]|6.56]6.77|6.72
2 250 { 1.93] k.59{3.86 | 3.86 {17.36 | 13.50 {10 |[2.50{2.96{3.53]|%.01|4.38}k.60[h.6%
3 12.75 Sol 3.2kik.32 | k.32 118,41 | 1k.08 (10 (L.21(|1.6h4[2.06]2.59]2.8%)3.10]3.25]3.28
b 17.00 27| 2.36{L.61 | k.62 |16.12 | 1bh.®2 10 59| .92 R.2511.58]{1.68q]2.1%]2.33|2.42]|2.38
= 21.2= ok 1.81{k.79 | b7 |19.60 | 1k.81 | 10 .29l 55| .80|t.02]1.3011.52]1:70{1.82{1.%
[ 25,50 | O 1.51/4.89 | k.80 |10.88 | 1k. g9 5 19| .o} 59| .78{ .98[1.18]1.33]1.46(1.52
7 2.7 0 1.kolk.92 | k.92 [19.99 | 15.07 [ .18 .36] .55] .73] .92{1.09|1.23]{1.33]|1.%0
9 3%.00 | 0 1l.hojlk.o23| k.925 [20.00 [ 15.08 | © 18] .38 55| .73] -92ir.09]1.23]1.33}1.ko
2 38.25 | 0 1.k0ik.925) L.925 [20.00 | 15.08 o] 18] .36 55| 73| .92§i.09{1.23{1.33|1.k0
1c 4250 | 0 1.hkojLk.g25} L.925 {20.00 | 15.08 o] 18| .36} 55| .73) .92{1.00{1.23)1.33{1.%0
11 ; .13 |0 1.h0[k.925¢ ko925 {20.00- | 15.08 0 18| 361 .55] .713) .92 1.09' 23(1.33]1.50
127 [ 5104 | 0 1.50|h.925t h.925 {20.00 | 15.0% o A8] .36¢ 551 .73 2131.00[1.2311.33{1.k0
PN
178 | 9i.0b | 1.16] 2.95(5.925| k.925' [20.00 | 15.08 /!'\ -
)
13 | %5.25 | 1.56] 3.32|8.85 | ke Je0.00 | 15.09 * = _'9’,3 5
¢ -~ -
. 1k 59.50 | 1.96{ 3.65[4.65 | 4.86 |=0.00 | 15.14 ng X
1 &2
. 63.75 | 2.361 3.9%|5.35 | &.77 [20.00 | 15.23 I3
!
i 16 62.00 | 2.76; ».22|4.00 | 4.65 |20.00 | 15.33
| 27 | 7e.25 | 3.16] n.3f3.ke | B8 fe0.00 | 15.52 § / "§‘
1 4
' 18 | 76.30 | 3.5 b.61]2.87 | b.28 [20.00 [15.73 | H . ‘S‘—B‘ |
: _ E3 I Y
© o 1e f0.7% | 3.07| k.72[2.06 | k.03 |20.00 | 23.97 | R = s g By
i = Q {
| o0 %00 | k37| b.7s[1.06 | 3.73 [20.00 | 16.27 | & - « v
i ] = (le o gf
’ s.2.0 PR.6%| k.72 L.72[0 - - > < |
| 3 € RN
|‘ =1 Rq p= | =.28 3.50 }20.00 | 1€.60 < "6 - - -,_‘ 3 :g*é
N M50 8T 3.02 [20.00 | 16.98 | % * 1
; s S / >
i 27 1 Q7,78 {11.k3 | 261 |20.00 | 17.39 9 Sf & ‘g
- —
i 2% ! 102.00 | 13.61 2.16 {20.00 | 17.2 '5' I - >{-_707? pa . e ‘3
i i - _E A (\)
1 o5 . . . o a.
L 11062‘. 15.31 | 1.69 [20.00 | 1%.31 | & 7A 1N
@ ?
| ®6 | 110.50 [16.78 1.17 |20.00 | 18.83 |' 5 ) £ Y
' ' Wow
Coer | ns 1825 63 |20.00 | 19.37 r{ 8 15 v
: ! : LN N~
i Al 116.6% |18.50 .39 {20.00 | 19.61 2 e ° K S
X | < 89 v <
| s =< o= n
AL :.t e e
l I ;“‘;' < O < U
H 1 * (S ] 5“(’
— | _ S

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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OFFSETS FOR LANCLEY TARK MODEL 203 WITH COMPLETE STEP FAIRING
E_J.I dimensions are in 1.ncheaj

sta.|Distance|Kse1 |cnt g:i.; R:‘é“’ m-«:m Lin:eof Angle|  Afterbody hottom, heighte above dase line
o to above| above half o ceaters; of
tion at hull | above [chine Buttocks
F.P. ‘::’e E:’a chinefmaximum| gy base |flere
ne | line bean tor] 1% i i 1 1
center) line. (2ea) LN a% 3 0% |y
124 51.0% fo 1.50 |b.92 | 3,905 [20,00 | 15.08 0.18)0.36)0.55[0.73]0.92|1.09]1.23)1.33]1.k0
13 | 55.25 08 (150 |4.B% | b9 [20.00 | 15.09 26 kb 63 JB1]|l.00f1.17{1.31)2.41]2.L8
1k | 59.50 27 11.65 |h62 { 4.86 [20.00 | 15.14 A5 63 .82(1.00(1.19{1.36{1.50{1.60|1.67
15 | 63.75 57 {1.90 426 | k77 |20.00 | 15.23 «75] «93[1.12]1.30|1.Lkg|1.66]1.80{1.90
16 | 68.00 88 2,1 (3.8 | .65 [20.00 | 15.33 Ll.061.2k11.43]1.61|1.80|1.97]2.21
17 | 72.29 {1.k3 i2.%9 (3.28 | L.48 [20.00 | 15.%2 1.61 jL.79]1.98]2.16]2.35|2.52
18 | 76.50 |2.08 |3.02 [2.6% { 4.28 l20.00 | 15.73 2.26 jo.k4i2.63|2.8113.00
19 | Bo.75 [2.9% [3.56 |1.83 | .03 [20.00 | 1%.97 3.123.30{3.kg
20 | 83.00 |3.91 |k.22| .90 | 3.73 |=20.00 | 16.27 k.09
S.P.| 88.68 k.72 |L.72 |O
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
TABLX® ITI
OFFSETS FOR LANGLEY TANK MODEL 203 WITH ROUSDED BOW CHINES
[A11 dimensions are in inched)
Redius Hetght [Line MJ ingle Forebody bottom, heights above base line
Sta- [PLobence{Keel |Chine|papy | and of loentexrsal °F
tion to abovaj abovel .4 half ebove | obine Buttocks
F.P. bage | base | cpype|maxivm| at base flere Y 1 1 1
Line | line bemm |cemteriyne |(des)| 3 {1 [ |2 |2k |3 |% (¥ |3
line ]
FP.| © 10.30 3} 0 11,00 | 11.00
11; 1.00 | 6.7% 6.9617.30|7.99
% 2.13 | s.a 2.30 | 1h.25] 12.98 =5.89(6.29[6.68|7.1k
1 | k.2s | 3.7 3.06 | 15.72{ 12.66|  |u.8|%.02}%5.51{5.93]6.27]6.58
2 8.50 1.83( ko | 3.86 | 3.86 17.36) 13.5%0( 10 |2.hoj2.96!3.93{h.01 k.38|4.60|L.64

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV

OFFSETS FOR COMPLETELY FATRED LANGLEY TANK MODEL 203

E:L'L dimsneione are in inches]

1
| Qta-|Distence|Xeel |Radlus 2:::035 Becig:t Radius gi::;f
tion to above| 2nd above | hull of lsentere
F.P. |base | half | . et |Pottom|apove
line mg.:;l;mn line |center base
line line
F.P.| O 0 11,00 {11.00 { O 10.30
£ 2.13 2.30 | 12.98 Jik.29 | 2.30 | 8.02
1 4.25 3.06 | 12.66 [15.72 | 3.06 | T.3:
2 8.50 3.86 13.50 {17.36 | 3.86 | 6.50
3 12.75 k.32 1%.08 |18.%1 | k.32 5.92 <
S
4 17.00 k.61 1h.52 {19.12 | .61 5.48 \é
5 | 21,25 k.79 ) 14.81 {19.60 { .79 | sS.a% %
6 25.50 k.89 | 1h.99 [19.88 | .89 | s.01 L-/ -
e r\‘ - b
7 29.75 k.92 | 15.07 [19.99 | k.92 | k.93 £
8 34,00 k.g2s | 15.08 |20.00 | k.92 k.g2 £ v :
Q
9 38.25 k.925 | 15.08 |20.00 | ko2 | k.92 |3 §
Q
10 4¥2.50 4,925 | 15.08 {20.00 | k.92 | k.92 £ §
bou 46.7% 4.925 | 15.08 }20.00 | k.92 | k.92 g X
; 12 s1.0k k.g2s | 1%5.08 |20.00 | k.92 | %.92 §
! 13 55.25 P 15.09 [20.00 | 4.87 k.92 f %\
Pk | se.s0 k.8 | 15.14 |20.00 | k.67 | h.92 | & %
A
15 63.75 477 | 15.23 |20.00 | .38 | k.92 | o
’g-L— <
16 68.00 k.65 | 15.33 |20.00 | k.03 | h.92 5ol
17 72.25 548 | 15.52 [20.00 | 3.50 [ k.92 9B 'Tg'_‘&‘
] v3 «
18 76 .50 k.28 15.73 {20.00 | 2.89 ko2 | 3 1 Iz .
14 -~ Y
19 8.75 k03 | 15.97 [20.00 | 2.07 | %.92 - £
0 d
20 85.00 3.73 16.27 {20.00 | 1.08 5.92 \ ¢
8.p. | 88.68 | k.72 0 k.72 \:‘1 <
Q
21 89.25 | 5.28| 3.50 | 16.60 | 20.00 v %
22 | 93.50 | B.71f 3.02 | 16.98}20.00 b N 3
(7]
23 97.75 |11.43| 2.61 | 17.39 | 20.00 kvt i
X > X L
2k }102.00 |13.61] 2.16 | 17.8% | 20.00 . P %
“
25 106.25 {15.31} 1.69 | 18.31{20.00 g i ®
26 |110.50 [16.78 1.1T | 18.8320.00 g 3
27  |114.75 [18.25) .63 | 19.37| 20.00 S _§
lai]
A.P. |116.65 |18.90] .39 16.61| 20.00

NATIONAL ADVISORY
COMMITIEE FOR AERONAUTICS
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TABLE V

NACA TN No, 1307

ORDINATES FOR LANDPLANE FUSELAGE

[A11 dimensions are given in inches]

Station Radius Station Radius
0.158 0.k08 50.989 6.140
527 . .838 54,309 6.420
1.054 1.263 58.143 6.354
2.108 1.887 62.267 6.254
3.373 2.462 66.378 6.121
5.059 3.071 69.5896 5.980
7.906 3.864 T2.557 5.854
8.432 3.989 76 .ho4 5.642
10.80%4 b.hob 79.843 5.420
1,124 5 .064 84.033 5.103
17.457 5.492 87.538 ko797
20.580 5.790 91.015 4,451
23.584 6.003 ol 4ok 4.058
26.483 6.156 97.973 3.616
29.513 6.27h 101.451 3.118
33.031 6.369 104.837 2.573
36.918 6.436 108.1k4k 1.978
40.18 6.467 111.543 1.293
43.716 6.481 11k .521 i 624
45,166 6.482 117.050 0
h7.524 6.479

NATTONAL ADVISORY |
COMMITTEE FOR AERONAUTICS



NACA TN No. 1307

TABLE VI

ORDINATES FOR SUPPORT WING

[A11 dimensions are given in percent chord

Station Upper surface Lower surface
0.5 1.759 1.119
75 2.084 1.h12
1.25 2.609 1.88
2.50 3.595 2,700
5 .00 4 .,967 3.768
7 .50 5.993 % .520
10.00 6.813 5.103
15.00 8.089 5.972
20.00 9.023 6.569
25 .00 9.707 6.986
30.00 10.183 7.248
35 .00 10.482 7379
%0 .00 10.609 7.3
45 .00 10.569 7.2
50 .00 10.365 7.052
55 .00 9.991 6.698
60.00 9.hh7 6.220
65 .00 8.74k2 5,625
70.00 7.883 L .920
75 .00 6.869 4.129
80.00 5.733 I, 3.286
85.00 4 . hgl 2.419
90.00 3.141 1.534
95 .00 1.663 BETT
100.00 017 017
L. E. radius: 0.948
Slope of radius through end of chord: 0.25484

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE VIIL

NACA TN No. 1307

VOLUMES, SURFACE AREAS, AND MAXTMUM CROSS-SECTIONAL ARTAS

OF TANGLEY TANK MODEL 203 WITH AERODYNAMIC REFINEMENTS

AND OF STREAMLINE FUSELACE
: Maximun cross-
Volume | Surface area
Configuration goctlional ares
(cu in.) (sq in.) (sq in.)
Unaltered hull 12,916 4581 1&
Bow chines rounded 12,935 4581 182
Step falred nine +times
depth of step at keel| 12,973 1604 18
Step falred completely | 13,268 L681 182
Step falred completely
and bow chines
rounded 13,287 L6861 1%
Hull completely
faired 13,11k L55L 176
Streamline
fuselage * 10,270 3630 132

NATIONAT, ADVISORY
CGMITTER POR AERCRAUTICC




TABLE VIIT

DRAGABDSTABH-ITIPARAHETERSOFLAMEYTARKHOM 203

WITH ARRODYNAMIC REFINFMERTS AND STREAMLINE FUSELAGE

[f)rag coefficiente are presented for R & 2.h0 x 105_]

Drag 3 3
Confignration Cnm- reduction | —= -& for & = 2°| —& for o = 2°
B | (percent) da oY o¥
Unaltered hull 0.00Th | «=mumrma- 0.0052 0.0012 0.0053
Bov chines romded 0070 5 0050 0012 0053
Step faired nine times
depth of step at kesl 0066 11 0050 0012 0053
8tep falred completely 0065 12 L0051, L0011 .0063
Step faired completely
and bow chines rounded | .006k 1k 0050 | ==-m=mmmmmmme | ccmmameeeees
TesTT1  artnd adaTe Cadoend nNEE nnhe nn1 N nnhie
BUll CVUIPET UOLY LalLou (A 0y ) [ DI sV AL Y )
Streamline fuselage L0040 46 0053 000k 001k

FATTONAL ADVISCORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Lines of Langlay tank muodal £33,
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Figure 2.~ Lines of the streamline fuselage.
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NACA TN No. 1307 Fig. 3
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Pigure 3.- Comparison of -116-sca1e models of the XPBB~1 flying boat
and hypothetical flying boat incorporating hull 203,



Fig. 4 NACA TN No. 1307
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Figure 4.~ System of stability axes. Positive directions of forces,
moments, and angles are indicated by arrows.



NACA TN No. 1307 : Fig. 5

Unaltered

Bow chines rounded. 7 percent
of hull length

Step faired nine times step
depth at keel

Step faired completely

Step faired completely and bow
chines rounded 7 percent of
hull length

Hull completely faired

Figure 5.- Langley tank model 203 unaltered and with
_ aerodynamic refinements,
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NACA TN No. 1307 Fig. 6
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Figure 6.~ General details of step faired nine times depth of step at
keel. Bottom view of hull,



Figure 7.~ Langley tank model 203 with bow chines rounded 7 percent of hull length mounted
in the Langley 300 MPH 7- by 10-foot tunnel,
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NACA TN No. 1307

Fig. 8a
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Figure 8.- Effect of aerodynamic refinement on the aerodynamic
characteristics in pitch of Langley tank model 203.



Fig. 8b
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NACA TN No. 1307 Fig. 9
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Figure 9.- Effect of aerodynamic refinement on the aerodynamic
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Fig, 10 NACA TN No. 1307
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Figure 10,- Effect of support-wing interference on the serodynamic
characteristics in pitch of Langley tank model 203. R = 3,0 x 108,



